ABSTRACT: Dispersal and recruitment are central processes that shape the geographic and temporal distributions of populations of marine organisms. However, significant variability in factors such as reproductive output, larval transport, survival, and settlement success can alter the genetic identity of recruits from year to year. We designed a temporal and spatial sampling protocol to test for genetic heterogeneity among adults and recruits from multiple time points along ã 400 km stretch of the Oregon (USA) coastline. In total, 2824 adult and recruiting Balanus glandula were sampled between 2001 and 2008 from 9 sites spanning the Oregon coast. Consistent with previous studies, we observed high mitochondrial DNA diversity at the cytochrome oxidase I locus (884 unique haplotypes) and little to no spatial genetic population structure among the 9 sites (Φ ST = 0.00026, p = 0.170). However, subtle but significant temporal shifts in genetic composition were observed among year classes (Φ ST = 0.00071, p = 0.035), and spatial Φ ST varied from year to year. These temporal shifts in genetic structure were correlated with yearly differences in the strength of coastal upwelling (p = 0.002), with greater population structure observed in years with weaker upwelling. Higher levels of barnacle settlement were also observed in years with weaker upwelling (p < 0.001). These data suggest the hypothesis that low upwelling intensity maintains more local larvae close to shore, thereby shaping the genetic structure and settlement rate of recruitment year classes.
INTRODUCTION
The degree to which populations of organisms are geographically structured is fundamental to our understanding of biodiversity, evolution, and conservation. Genetic drift, natural selection, and mutation are among the forces that can differentiate populations across space on the scale of meters to as much as thousands of kilometers (Dobzhansky 1982 , Coyne & Orr 2004 . However, while much attention has focused on the spatial structure of populations, an increasing body of work suggests that population structure can often change over time, with shifts in the genetic composition of year classes among different generations (e.g. Hedgecock 1994a , Johnson & Wernham 1999 , Chapman et al. 2002 , Dannewitz et al. 2005 .
Signatures of temporal genetic change have been found in many populations of marine species with a variety of dispersal capabilities, pelagic larval durations, and reproductive outputs from vertebrates (e.g. Lundy et al. 2000 , Chapman et al. 2002 , McPherson et al. 2003 , Dannewitz et al. 2005 , Burford & Larson 2007 , Liu & Ely 2009 , Christie et al. 2010 to invertebrates (e.g. Colgan 1981 , Hedgecock 1994b , David et al. 1997 , Li & Hedgecock 1998 , Johnson & Wernham 1999 , Moberg & Burton 2000 , Hedgecock et al. 2007 ). However, temporal gene tic variation is inconsistent in nature, and many studies of similar species, even conspecifics, have not detected the same telltale signs of genetic variability over time (e.g. Lessios et al. 1994 , De Wolf et al. 1998 , Gold et al. 1999 , Gilg & Hilbish 2003 , Lambert et al. 2003 , Diaz-Jaimes et al. 2006 , Calderón et al. 2009 A variety of mechanisms have been proposed as po tential causes for genetic variation over time, including ocean currents, variability in reproductive output, differential settlement success, variability in larval behavior, post-spawning mortality, genetic drift, and natural selection (e.g. Colgan 1981 , Johnson & Black 1982 , Hedgecock 1994a , Lundy et al. 2000 , Chapman et al. 2002 . In particular, many researchers have suggested that coastal oceanography plays a strong role in shaping the abundance of successfully recruiting individuals of marine species (e.g. Roughgarden et al. 1988 , Alexander & Roughgarden 1996 , Menge 2000 , Shanks & Brink 2005 . However, research assessing the relative influence of these forces on genetic variability is sparse, and the link between near-shore oceanography and temporal shifts in gene frequencies has seldom been investigated.
Coastal upwelling dynamics
The west coast of the continental USA is characterized by the presence of seasonal upwelling that varies on multiple temporal scales, from intra-seasonally to inter-seasonally to annually to decadally. Upwelling is an oceanographic process that, by inducing both cross-shelf and alongshore currents, is likely to affect larval dispersal. Areas of strong seasonal upwelling are found along coastlines across the globe (e.g. Alexander & Roughgarden 1996 , Poulin et al. 2002 , Weissberger & Grassle 2003 , but the degree to which upwelling shapes patterns of recruitment and larval transport of intertidal invertebrate communities is not fully understood. Many studies have suggested that during periods of strong upwelling, increased offshore flow transports larvae far out to sea, reducing settlement and exerting restrictive influence on the composition of coastal communities (e.g. Roughgarden et al. 1988 , Farrell et al. 1991 , Alexander & Roughgarden 1996 , Escribano & Hi d al go 2000 , Connolly et al. 2001 . Conversely, up welling relaxation events can reduce and reverse offshore larval transport, promoting increased settlement and abundance of barnacles and other intertidal species (e.g. Farrell et al. 1991 , Wing et al. 1995 , Weissberger & Grassle 2003 , Dudas et al. 2009 .
Despite this work, other studies have found weaker correlations between upwelling and recruitment, suggesting that other factors such as larval swimming behavior, internal waves, and vertical migration may be driving observed changes in abundances of larvae and successful recruits (e.g. Poulin et al. 2002 , Lagos et al. 2005 , Shanks & Brink 2005 , Shanks & Pfister 2009 , Shanks & Shearman 2009 . Recent studies along the California coastline (Morgan et al. 2009a ,b, Morgan & Fisher 2010 highlight the complicated array of oceanographic and biological factors that may influence patterns of larval recruitment in this region. While the relative importance of each specific factor remains a topic of much debate, it is clear that a wide variety of oceanographic processes contributes to variability in larval recruitment on both short-and long-term timescales.
Balanus glandula in the California Current System
The high abundance, life history characteristics, and broad dispersal of the acorn barnacle Balanus glandula provide an excellent system in which to study the relative influence of potential forces that shape the genetic composition of sequential year classes. B. glandula is found along the west coast of North America from Baja California to the Aleutian Islands (Newman & Abbott 1980) , and can occur at densities as great as 30 000 m −2 (Menge 2000) . Reproductively mature B. glandula adults produce 2 to 6 broods per year and release up to 30 000 nauplius larvae per brood (Newman & Abbott 1980) . These larvae must feed in the water column for at least 2 wk prior to transformation into cyprid larvae and eventual settlement (Brown & Roughgarden 1985) . Although the specific relationship between pelagic larval duration and dispersal potential is complex (e.g. Shanks 2009), the ~2 wk planktonic larval stage may make B. glandula offspring subject to high levels of dispersal via the prevailing currents in the region, while the output of thousands of well developed larvae could create the potential for high variance in settlement success.
Indeed, past studies of population connectivity in Balanus glandula identified high genetic similarity between populations across the species range and notable levels of unexplained microgeographic ge -netic heterogeneity (Hedgecock 1982 (Hedgecock , 1986 (Hedgecock , 1994b . In addition, more recent research with increased spatial sampling revealed strong regional differences in B. glandula population structure between the California and Oregon coastlines (Wares et al. 2001 , Sotka et al. 2004 , Galindo et al. 2010 . Sotka et al. (2004) discovered steep genetic clines along the California coastline, in contrast to relatively little population structure in Oregon. This was mirrored closely by geographic trajectories of oceanographic drifters, suggesting a relationship between regional oceanographic current patterns and geographic patterns of gene flow among B. glandula populations (Sotka et al. 2004) . While available evidence for the Oregon coastline points towards little spatial genetic structuring overall, ecologically important questions remain as to whether patterns of genetic diversity in B. glandula populations are temporally stable, and to what degree previously observed microgeographic ge netic variability (Hedgecock 1982 (Hedgecock , 1986 ) may be explained by local oceanographic processes.
We examined spatio-temporal genetic structure in acorn barnacles across 9 sites spanning the Oregon coastline, an area with high barnacle abundance, low genetic structure, and moderate upwelling. The 2 main goals of this study were to examine the spatial and temporal genetic composition of adult and ju venile Balanus glandula populations in Oregon and to explore potential relationships between local oceanography and patterns of genetic diversity among populations and year classes of recruits.
MATERIALS AND METHODS

Adult genetic sample collection
Adult Balanus glandula were collected from 9 sites spanning the Oregon coastline (Fig. 1 
Recruit genetic sample collection
Larval recruits of Balanus glandula were collected from the same 9 sites at various times between 2001 and 2008 (Table 1 ). In 2001, recruits were sampled weekly for 9 wk starting on 17 July and ending on 19 September. Subsequently, during the period from 2004 to 2008, new settlement plates were placed in the field each spring (April), and recruits were only sampled once annually in the late fall (mid-September to October, depending on the year). The majority of yearly settlement for B. glandula typically occurs during July to November (Menge 2000 , Barth et al. 2007 , Broitman et al. 2008 ; thus only the 2001 recruit samples and the fall (September/October) samples from 2004 to 2008 were used for genetic analysis of settlers. Larval recruits for genetic analysis were collected on plexiglass plates (10 × 10 × 0.6 cm) covered with a rough-textured rubber surface (Safety-Walk, 3M) that enhances larval attachment (Farrell et al. 1991 , Menge et al. 1999 . The plates were attached to the rock surface within ~10 m of the col- lected adults using a stainless steel screw and a predrilled hole. Plates were replaced during sampling, and the removed Safety-Walk tape and all attached barnacles were placed directly into 70−95% ethanol. Settlement plates from all sites were collected within ~48 h of each other during each sampling period.
DNA extraction and sequencing
Individual settlers were plucked from the SafetyWalk tape, and DNA was extracted and amplified following a previous study (Sotka et al. 2004) . Briefly, samples were extracted in 10% Chelex-100 resin (Bio-Rad Laboratories), and 386 bp of the 3' end of cytochrome oxidase I (COI) were amplified under standard PCR conditions (30 cycles, annealing temperature of 52.2°C) using the primers BF2 (5'-TGT AAT TGT TAC TGC TCA TGC-3') and BR2 (5'-ACC AAA RAA YCA GAA TAA GTG TTG-3'). Amplifications were sequenced in 1 direction on an ABI Prism 3100 Genetic Analyzer (Applied Biosystems), and sequences were aligned using Sequencher 4.1 (Gene Codes Corporation).
Settlement abundance collections
For yearly settlement abundance, plates were prepared as above and deployed and collected on a monthly basis between April and October from 2000 to 2008 (Barth et al. 2007 , Broitman et al. 2008 ). Locations were similar to those used in the genetic study, with the exception of 2 additional sites where abundance plates were deployed (Boiler Bay, BB; and Strawberry Hill, SH), and the absence of plates at Newport Jetty (NJ), Heceta Head (HH), and Umpqua Lighthouse (UL). After collection, the number of Balanus glandula settlers and cyprids was counted using a dissecting microscope. New plates were set out each time old plates were collected.
The settlement counts and recruitment genetics samples represent 2 independently collected data sets; hence the results from each of these data sets are from non-overlapping individuals.
Wind-stress calculations
To assess potential relationships between barnacle genetic/settlement data and nearshore oceanographic conditions, we compared yearly barnacle genetics from 2004 to 2008 to a measure of cumulative alongshore wind stress for the Oregon coastline from the online database of Pierce & Barth (2009;  http:// damp.coas.oregonstate.edu/windstress/). Owing to the different sampling method employed in 2001, data were analyzed both including as well as excluding these samples. There was no difference in statistical outcome between the 2 analyses and, for clarity, only data from 2004 to 2008 are presented herein. The cumulative wind-stress measurement is a calculation of the accumulated southward wind-stress intensity during the upwelling season and can be used as a proxy of the upwelling strength for a particular year (Pierce et al. 2006 , Barth et al. 2007 ). Specific methods and calculations behind the measurement have been described previously (Pierce et al. 2006 , Barth et al. 2007 , Pierce & Barth 2009 
Data analysis
Standard genetic indices (e.g. nucleotide and haplo type diversity) and a series of genetic structure comparisons using analysis of molecular variance (AMOVA) were calculated in Arlequin 3.0 (Schneider et al. 2000) using a pairwise difference distance matrix. Potential spatial genetic structure was tested with a hierarchical AMOVA examining structure among populations grouped across all sampling years and among populations within each separate year. The potential for temporal changes in genetic structure was similarly assessed with a hierarchical AMOVA examining structure among years grouped across all populations and among years for each individual population (Table 2) . Each AMOVA was assessed for significance with 50 000 permutations. To examine specific differences between populations, pairwise Φ ST calculations (Weir & Cockerham 1984) were performed between populations within a given year. The average pairwise difference between populations was calculated for each year (2004 to 2008) and used in further correlation analyses.
A non-parametric Kruskal-Wallis test was employed to test whether there were significant differences between sampling points in haplotype diversity, nucleotide diversity, and estimates of θ S (Wat ter son 1975) . This non-parametric approach was required because of the non-normal and heteroscedastic nature of the data set. To test for associations between diversity indices and upwelling intensity for a particular year, a correlation test was performed between diversity statistics and the average cumulative wind stress for each sampling year. As single-point measurements representing the entire peak settlement period were only taken from 2004 to 2008, correlation analyses comparing settler genetic indices to upwelling intensity were only conducted on these data.
Similarly, correlation analyses were performed between the average between-population pairwise Φ ST value for a given year and the average cumulative wind stress for that same year for 2004 to 2008. A non-parametric Kendall's Tau correlation was required for the average across all populations owing to the non-normal and heteroscedastic nature of the data set. All correlation analyses were performed using the free software package R (www.R-project. org). (Bohonak 1999) . Assuming that the sampling error and measurement noise are independent of geographic separation between populations, an increase in Φ ST with distance strongly suggests the action of limited dispersal and may provide a more accurate picture of dispersal distance than traditional F-statistics alone (Palumbi 2003) . A Mantel test of correlation between matrices was conducted in the program IBDWS (Jensen et al. 2005) .
Where appropriate, correction for multiple testing was performed using the tail-based false discovery rate (FDR) method as described by Strimmer (2008) using the R package 'fdrtool.' Mean values are presented ± 1 SD unless indicated otherwise.
RESULTS
Diversity indices
There was a high degree of polymorphism in the COI locus in Balanus glandula, with 884 unique haplotypes from a total of 2824 sequenced individuals. For all individuals, total haplotype diversity (h 2 ) was 0.952 ± 0.003, nucleotide diversity was 1.557 ± 0.839%, and θ S (Watterson 1975 ) was 17.620 ± 2.952. Genetic diversity was high among all samples, and while θ S was different between individual years (p < 0.005), no difference in h 2 or nucleotide diversity was observed between time points or between populations.
Φ ST analyses of spatial and temporal structure
The AMOVA across all populations suggested no significant spatial genetic structure between populations (Φ ST = 0.00026, p = 0.170; Table 2 ). Among the 288 pairwise comparisons among populations within the same year/year class, 23 (7.9%) were initially significant at the 5% level, with 14 (11 of which occurred in 2007) remaining significant at the < 0.05 level after FDR correction (Strimmer 2008) . The AMOVA examining structure among different years revealed significant changes in genetic structure over time (Φ ST = 0.00071, p = 0.035; Table 2) Table 2 ). On a population-bypopulation level, the Cape Meares (CM) population contained the strongest among-year changes in genetic structure (Φ ST = 0.015, p = 0.009). As a whole, the Φ ST analyses revealed subtle but significant temporal shifts in the genetic composition of these populations.
No year class had a significant IBD association between genetic distance (linearized Φ ST ) and geographic distance after FDR correction for multiple testing. . Higher pairwise Φ ST values were observed in years with lower cumulative wind stress and weaker predicted degrees of upwelling (Fig. 3) . Across years, average pairwise Φ ST between populations was positively correlated with the cumulative wind stress (Kendall's Tau, p = 0.002; Fig. 3 ).
Wind stress/upwelling
Recruitment/settlement
Mean daily settlement per 100 cm 2 across all sites and all years was 46.46 ± 51.59. Seal Rock (SR) showed the highest settlement across years (119.55 settlers 100 cm −2 ), while Cape Blanco (CB) had the least (15.52 settlers 100 cm −2 ). Average daily settlement was higher in years with lower cumulative wind stress, and presumably weaker degrees of upwelling (Fig. 2) , a trend consistent with previous findings (Roughgarden et al. 1988) . Average daily settlement was positively correlated with the average cumulative wind stress (p < 0.001; Fig. 2) , suggesting an influence of nearshore oceanography on the recruitment dynamics of Balanus glandula. The correlation between population Φ ST and average daily settlement was negative but non-significant, but our statistical power to detect a pattern was low (data not shown; n = 4).
DISCUSSION
We examined the spatial and temporal genetic structure of the intertidal barnacle Balanus glandula along a 300 km stretch of the Oregon coastline. The in creased temporal resolution of sampling in this study revealed significant shifts in genetic composition among year classes. This temporal variability in population structure was correlated with changes in the strength of oceanographic upwelling among years, indicating a possible influence of upwelling on the genetic composition of the yearly recruitment class.
Oceanography and genetic changes over time
Our results suggest a link between the composition of the larval pool of Balanus glandula and coastal upwelling, with higher levels of variation among populations during years in which upwelling currents were weakest (Fig. 4) . A considerable amount of research has explored how patterns of larval transport, delivery, and recruitment strength are related to the flow dynamics associated with coastal up welling. A number of studies have observed de creases in larval settlement and abundance during upwelling-favorable conditions and increased settlement and abundance during upwelling relaxation events (e.g. Roughgarden et al. 1988 , Alexander & Roughgarden 1996 , Connolly et al. 2001 , Ma & Grassle 2004 , Dudas et al. 2009 ). Similarly, we ob served an increase in average daily settlement in years with weaker overall upwelling (Fig. 2) , suggesting that in these years, larvae were found closer to shore and fewer were lost to offshore predators, starvation, and currents.
Decreases in offshore transport, reduced intensity of alongshore coastal upwelling jets, lower flow separation (Castelao & Barth 2006) , and slower meander and eddy formation during periods of weaker upwelling are all also consistent with the observation of higher genetic population structure in years with lower cumulative wind stress and weaker average upwelling. The 2 years that exhibited significant population structure, 2004 and 2007, were also the 2 years with the weakest cumulative wind stress.
Under weak upwelling conditions, larvae from local parents might remain in 'packets,' creating a slight increase in population structure due to genetic heterogeneity among 'packets' of larvae settling at the different sampling locations (Fig. 4) . In contrast, if larvae are subject to greater offshore and alongshore currents, increased flow separation, and more meanders and eddies in years with stronger up - Fig. 3 . Balanus glandula. Changes in average pairwise Φ ST between populations for each year as compared to the average cumulative wind stress for that same year. Pairwise Φ ST values were calculated by taking the average of all pairwise comparisons between populations for that particular year. Data are mean ± 1 SE. Note that the more negative the value of cumulative wind stress is, the stronger the upwelling strength for that particular year becomes. p-value calculated using a Kendall's Tau test of positive correlation between average Φ ST and average cumulative wind stress welling, this would likely promote increased homogenization over larger spatial scales and weaker population substructure in the recruits from those particular years (Fig. 4) . Recent oceanographic modeling along the southern California coastline has described the stochastic nature of the dispersal trajectory of larval 'packets,' and has shown how local current patterns can contribute to high variability in the connectivity among populations over short (<1 yr) time scales (Siegel et al. 2008 ). Additional work is needed along the Oregon coast to ascertain whether this model applies in a similar fashion. Also, we observed genetic homogeneity among the adult populations sampled in this study; thus, even if larvae were to cluster together in localized 'packets,' patterns among adults do not necessarily predict genetic differentiation among local groups of larvae.
Influences on larval production
Previous work on Balanus glandula along the Oregon coast has identified a strong influence of nearshore oceanic conditions on barnacle reproductive output, with 120 times greater mean larval production in a 'hotspot' region of high primary productivity compared to sites 65 km away with much lower levels of primary productivity (Leslie et al. 2005) . These areas of high productivity are also areas of locally high and variable upwelling (Tapia et al. 2009 ).
In years of high upwelling, elevated larval production might be mixed among adjacent populations, generating broader regions of genetic homogeneity. In years of low upwelling, high numbers of local larvae might remain close to shore and fail to be transported widely throughout the coast. Our single-locus data do not allow us to conclusively support or reject the possibility of reproductive hotspots shaping the composition of the larval pool; future research is therefore needed to assess the relationship between differences in primary production, reproductive output, and the resulting effects on barnacle settlers. Efforts could focus on intensive sampling along a productivity gradient to identify the potential sources of recruiting larvae in years with larger versus smaller differences in primary productivity.
Spatial variation and selection
Some type of pre-or post-settlement selective mechanism could also cause the temporal shifts in genetic composition of the year classes of barnacles in this study. Coastal areas typically show spatial differences in a number of environmental variables, including local temperature, nutrient concentrations, and primary productivity signatures. Recent studies have found complicated patterns of thermal anomalies and thermal stress in the Oregon intertidal (e.g. Helmuth et al. 2002 , Sagarin & Somero 2006 ) that correlate with strong adaptive differences in upper thermal tolerance limits of intertidal snails (Kuo & Sanford 2009 ). Selection has also been invoked previously in barnacles as a potential ex planation for a strong genetic cline observed in Balanus glandula populations across California (Sotka et al. 2004 , Galin do et al. 2010 , microgeographic heterogeneity between different tidal zones (Hedgecock 1986) , as well as in populations of the related Semibalanus bala noides to explain genetic changes in response to microhabitat differences in temperature (Schmidt & Rand 1999) . If selection were responsible for the temporal shifts in genetic structure observed in the current study, then this selection would need to increase in years of low up welling. This may be possible if low upwelling favors on-shore local water retention, and if these local water masses exert selective pressure on adults during spawning, on larval stages, or on settling cyprids. In fact, Galindo et al. (2010) posited a combination of strong coastal retention and selection as a possible explanation for barnacle genetic patterns in California. The locations sampled in the current study are subject to differing degrees of upwelling intensity (Tapia et al. 2009 ), which could produce a gradient in selection pressure among sites. However, one might assume environmental differences among sites to be greatest in years with higher upwelling intensity (see Fig. 1 in Sanford & Kelly 2011) , which does not readily explain the increased genetic heterogeneity among locations in years with weaker upwelling.
It is notable that our sampling methods were not designed to investigate micro-environmental selection across intertidal zones (e.g. Hedgecock 1986 ), as all settlement plates were placed at approximately the same tidal height within a given location. Past investigations have failed to find depth-related variation in barnacle genetics at the COI locus (e.g. Wares & Cunningham 2005 , Galindo et al. 2010 . Similarly, a preliminary comparison of gene frequencies in early and later settlement stages showed no significant differences (Galindo et al. 2010) . Based on previous research (e.g. Hedgecock 1986 , Schmidt & Rand 1999 , Sotka et al. 2004 , it is likely that selective forces are shaping Balanus glandula populations, yet in a complicated manner counterintuitive to what we might expect (i.e. potentially greater amounts of selection in years with weaker upwelling). Additional, detailed profiling of environmental conditions is needed to identify potential differential selection pressures among local water masses in weaker upwelling years.
Popular sweepstakes for barnacles
Another commonly invoked mechanism to explain temporal genetic variation as seen in the current study is the 'reproductive sweepstakes' hypothesis (Hedge cock 1994a), which posits that temporal genetic patchiness is a consequence of high variance in re productive success among individuals and families. The main hypothesis of reproductive sweep stakes is that a minority of individuals produces enough offspring to dominate a settlement cohort, thereby resulting in a reduction of genetic diversity in the offspring and changes in the composition of the recruitment pool over time. In the case of Balanus glandula along the Oregon coastline, we see increased genetic structure during years of de creased settlement, possibly indicating a link between the size of the recruit pool and genetic variability. However, the lack of an observed reduction in genetic diversity in the present study leads us to conclude that, sensu Flowers et al. (2002) , this particular sweepstakes may have many winners. B. glandula is among the most common intertidal barnacles along the west coasts of Canada and the USA (Newman & Abbott 1980) . Given the average daily settlement observed in the present study (15 to 120 settlers 100 cm , at least 130 females with a recruitment success greater than 3% would be required to supply the number of successfully recruiting larvae per m 2 of habitat. This rough calculation suggests that genetic drift could shape changes in the genetic makeup of the larval pool from year to year. However, the lack of a detectable reduction in genetic diversity between adults and recruits and the lack of detectable spatial genetic structure in adult populations indicate that enough adults are successfully reproducing to maintain diversity across generations.
Other possible mechanisms that might be responsible for the temporal variability seen in the present study could be an increase in reproductive variance caused by hermaphroditism, extended sibships, and kin-aggregation, as proposed by Veliz et al. (2006) for the acorn barnacle Semibalanus balanoides. Future studies using nuclear markers capable of resolving these close relationships and how they change in relation to local oceanographic forces might be better able to elucidate whether a clear signal of increased local retention/recruitment is seen in years with lower upwelling intensity.
CONCLUSIONS
Despite continued maintenance of high abundances and levels of genetic diversity in Oregon, these Balanus glandula populations exhibited significant temporal shifts in the genetic makeup of the recruitment year classes. The genetic composition of individual year classes varied between years, and patterns of population subdivision of recruits were observed in multiple years despite no detectable spatial genetic structuring in adults. We hypothesize that the increased population structure during years with weaker upwelling strength is most parsimonious with limited along-shore mixing and localized association of related larvae in 'clumps' or 'packets.' The specific mechanism causing the differentiation of these 'packets' remains unknown, as the potential influences of selection or temporal genetic drift alone do not adequately explain the observed differences among recruitment cohorts. These findings are in line with those of a recent study of the intertidal anomuran crab Petrolisthes cinctipes (Toonen & Grosberg in press) , which found no single mechanistic explanation for temporally variable genetic heterogeneity, but rather evidence for a combination of multiple forces, including pre-or post-settlement natural selection, localized recruitment, and variation in larval dispersal and reproductive success. The data presented here suggest that coastal upwelling dynamics may play a role beyond driving larval abundances, and could serve to shape the spatial distribution of genetic material within yearly classes of recruits via a combinatorial influence on larval delivery, reproductive output, and environmental characteristics of local water masses. These data shed new light on the influence of near-shore oceanography on the recruitment dynamics of an intertidal model organism, and are among the first to link variability in coastal upwelling with the genetic composition of intertidal recruits. 
